Abstract: Current development of endoscopic technology, lithotripters, and stoneretrieval devices has expanded the indications for retrograde and antegrade endoscopic therapy in the management of urolithiasis. This technology has also resulted in minimally invasive therapy. As surgeons' experience of endourological procedures with the newer instruments has become integrated, the surgical technique and indications for urolithiasis have also changed in the past few years. The present review provides an overview of endourological procedures for upper urinary tract stones and the key points related to surgical techniques.
Introduction
Urolithiasis is one of the common causes of morbidity and deterioration of quality of life worldwide, with rates ranging from 7% to 13% in North America, 5% to 9% in Europe and 1% to 5% in Asia. 1 The incidence of urolithiasis in Japan also has been increasing. 2 In addition, urolithiasis is a highly recurrent disease, with a recurrence risk of 34-50%. 3, 4 Technological advancements have led to gradual introduction of new techniques for the treatment of urolithiasis, such as SWL, RIRS and PCNL. The current guideline for management of upper urinary tract stones has been updated according to improvement of endourogical technology and pharmacological treatment (Fig. 1a-c) . 5, 6 In particular, the use of RIRS and PCNL for ureteral and kidney stones has dramatically increased because of developments in minimally invasive technology. Furthermore, various devices, such as the holmium laser for stone disintegration, the tipless basket for stone removal and the ureteral access sheath for convenient access to stones, have encouraged the increased application of minimally invasive endourological procedures for upper urinary tract stones. The present review provides an overview of current surgical techniques for RIRS, PCNL and RIRS combined with PCNL (ECIRS), along with appropriate tips and tricks. This knowledge encourages us to consider further future developments in the endourological treatment of urolithiasis. sterilization, repair costs and availability of f-URS. 11, 12 Further investigation of their benefits is expected in the future.
RIRS History and current developments of f-URS

Current indications for RIRS
Indications for RIRS in the management of upper urinary tract stones have expanded in parallel with the technological advancement of f-URS. The EAU guidelines on urolithiasis now recommend that in those patients without specific contraindications, such as untreated UTI, RIRS can be generally applied, and suggests possible indications for RIRS to include renal stones <20 mm not feasible for SWL, unfavorable anatomical factors for SWL (e.g. steep infundibular-pelvic angle, long lower pole calyx and narrow infundibulum), lower pole stones >15 mm not feasible for SWL, patient's preference and social situation of the patient (e.g. profession or traveling, such as pilot). 13 Other possible indications for RIRS treatment of renal stones include radiolucent stones, bleeding disorders, the patient taking anticoagulants, coexistence of ureteral and renal stones, and multiple renal stones unfeasible for SWL. 14 In general, although the first recommended treatment option for a renal stone >20 mm is PCNL, RIRS for such stones appears to be a viable option given the current state of the art and minimal invasiveness. According to several recent studies carried out in high-volume centers, the SFR of renal stones 20-35 mm in size is 71-96%. [15] [16] [17] Although it is possible for highly skilled surgeons to successfully carry out single procedures for larger renal stones, in several cases staged procedures might be required. Consequently the patient's quality of life might decline. Although definite indications for RIRS have not yet been established, the decision regarding treatment selection needs to take into account various factors, such as the patient's comorbidity, the patient's preference and the surgeon's experience. 18 
Surgical technique: How to do it
Preoperative stenting
Standard access to the ureter for endoscopic treatment of upper urinary tract stones might on rare occasions be difficult because of a narrow ureteric lumen, anatomical abnormalities and/or tortuous ureter. A recent study reported a failed access rate for these difficult, tight ureters of 8.4% for patients with stones. 19 However, it is difficult to ascertain preoperatively whether or not there will be failed access to the ureter. Therefore, a ureteral DJ stent can be inserted preoperatively for 1-2 weeks to acquire passive ureteral dilation, resulting in acceptable insertion of a UAS. According to data from the CROES, in a URS global study of 8189 patients with ureteric stones, 978 patients (11.9%) were fitted with a preoperative DJ stent. For renal stone treatment, preoperative stent placement increased the SFR and there was a borderline significant decrease in intraoperative complications. 20, 21 However, this issue has yet to be resolved, as conversely some patients suffer discomfort from UTI-related preoperative stent placement, such as pain, urgency, hematuria and fever.
Safety GW
In 1987, Ekman et al. reported the first use of a safety GW in a patient undergoing ureteroscopic stone removal. 22 The safety GW, which has become an indispensable tool in ureteroscopic procedures over the past three decades, provides direct access to the collecting system or ureter, decreases loss of disorientation in the ureter and temporarily helps to avoid intraoperative complications, such as ureteral injury. 23 The reason for GW placement in the ureter during surgery was to prevent injury to the ureter because of insertion of a larger ureteroscope tip and routine ureteral dilation. However, owing to current developments in endourological techniques and more flexible instruments, routine safety GW placement during an operation might not be required. GW placement in the ureter and collecting system often increases the resistance to passage of the ureteroscope and disturbs its manipulation. Patel et al. reported a 2.6% overall complication rate in a series of 268 ureteroscopies without a safety GW, with no perforations or avulsions. 24 Dickstein et al. presented a series of 305 ureteroscopies by a single surgeon, 270 of which (89%) were uncomplicated and carried out without a safety GW. No intraoperative complications resulted from the lack of a GW, including no loss of access, ureteral perforation/avulsion or need for a percutaneous nephrostomy tube. In the remaining 11% of cases, the safety GW was required because of concomitant obstructing ureteral stones, crushed ureteral stents and difficult access as a result of aberrant anatomy. 25 Recently, safety GW placement has become less routinely required in ureteroscopic cases, not only because of improvement in endourological techniques and minimally invasive instruments, but also because insertion of a UAS increases ureter safety intraoperatively. However, the safety GW should be placed for ureteral care in difficult cases, such as an impacted ureteral stone, stricture, aberrant anatomy or tortuous ureter.
Ureteral access sheath
The first UAS were developed in 1974 to facilitate insertion of ureteroscopes into the ureter. 26 In the past four decades, various UAS of sizes ranging from 9.5/11.5-Fr to 14/16-Fr in diameter and from 28 to 55 cm in length have been introduced. The advantages of a UAS for the treatment of renal stones in RIRS include improvement of facilitation for insertion of f-URS and retrieval of fragments, maintenance of a clear surgical field due to continuing irrigation, decreased intrapelvic pressure and acting as a possible substitute for a safety GW. However, selection of an appropriately sized UAS for the patient is entirely the surgeon's decision. In this regard, ureteral injuries caused by UAS have recently increased, as insertion of the UAS depends on the extent of the surgeon's experience and expertise. Traxer et al. reported that UAS-related ureteral wall injuries were present in 46.5% of RIRS. These were classified as grade 2, which involved the ureteral smooth muscle layer (10.1%), and grade 3, which indicated ureteral perforation involving full thickness of the ureteral wall (3.3%). 27 Importantly, almost all fiberoptic and digital ureteroscopes can be introduced through a 12/14-Fr and 11/13-Fr UAS, and almost all fiberoptic ureteroscopes except dual-channel f-URS can fit through a 10/12-Fr UAS. In addition, the only fiberoptic ureteroscopes that can fit through a 9.5/11.5-Fr UAS are the URF-P6 (Olympus, Tokyo, Japan), FlexX2 (Storz, Tuttlingen, Germany), and BoA Vision (Richard Wolf, Knittlingen, Germany). However, the irrigation and outflow of saline through a 9.5/11.5-Fr UAS is poor. Therefore, a minimum standard UAS size of 10/12-Fr is needed to acquire acceptable irrigation and outflow of saline. 28 Laser setting: Stone fragmentation and stone dusting Holmium YAG laser lithotripsy for urolithiasis has become the gold standard technique in RIRS. Currently, most available laser systems have already been introduced ( Table 2) . The current basic methods of lithotripsy are stone dusting and stone fragmenting. Stone dusting comprises creating stone dust and small fragments (<1-2 mm) to theoretically enable spontaneous passage of these particles, whereas stone fragmenting involves creating stone fragments that can be safely extracted through the UAS with a basket. According to data from an Endourological Society worldwide survey in 2014, 26.7% of 414 endourologists from 44 countries actively retrieved all stone fragments, whereas 37.4% only retrieved large fragments but not small fragments. 29 The stone-dusting technique has been increasingly applied in Western countries because of the lack of suitable disintegration methods for stones and the difficult retrieval techniques for fragments. 30 Regarding which technique might be better for patients with stones, Fahmy et al. carried out a prospective randomized study of stone retrieval versus stone dusting during ureteroscopic laser lithotripsy in children. They found that fragmenting stones into extractable pieces used up significantly shorter fragmentation time and operative time than stone dusting, with similar SFR and complication rates. 31 Today clinical trials comparing these two techniques in adults are ongoing. 32, 33 However, the significant concern in disintegration methods for stones is how to choose between the two techniques depending on the situation during surgery that includes stone size, stone composition, location, impaction of stone, stone retropulsion and surgeon preference, to improve the effectiveness and outcome of surgery. Usually the holmium laser power of stone fragmentation is set to 5-16 W with high power in 0.5-1.2 J and low frequency in 5-15 Hz, and is started from low power. Meanwhile, the laser setting of stone dusting is 6-25 W with low power in 0.2-0.5 J and high frequency in 30-50 Hz, and changes the generating power (J) per shot depending on the hardness of the stone. For example, stone dusting might not be appropriate for harder stones, such as those consisting of calcium oxalate monohydrate. In such cases, the clinician must disintegrate the stone into fragments and retrieve the fragments using baskets (Table 3) . Furthermore, the current laser system can change the laser pulse duration. This system can adjust the duration of power output per shot between 300 and 1500 ls. 34 A longer pulse creates more dust compared with a short pulse of the same power output per shot. 35 Additionally a long pulse might decrease the chance of a mis-shot of laser and improve the efficiency of lithotripsy with the effect of preventing stone retropulsion. The laser mode of this lithotripsy, called long-pulse fragmentation, is set to high power in 0.5-1.2 J and low frequency in 5-10 Hz in the long-pulse mode. Laser setting in various situations during surgery is potentially one of the most important factors affecting the speed of the procedure and effectiveness of lithotripsy.
Tips and tricks
Surgical technique is highly important for the success and safety of a procedure, and has continued to evolve alongside new developments in instruments. The endourologist now needs to know how to use various instruments and to brush up on his or her surgical technique. Furthermore, creating a surgical routine in RIRS is an important aspect in the education of trainees and simplification of surgery. The basic surgical routines carried out in Kansai Medical University, Hirakata, Japan to access the upper urinary tract are as follows.
1 Insert the cystoscope or semirigid ureteroscope through the urethra and observe the bladder.
2 Insert a straight GW into the ureteral orifice of the diseased side and pass the ureteral orifice with the semirigid ureteroscope over the GW, using a safety GW as required.
3 Under direct vision of the semirigid ureteroscope, confirm the ureteral stones, ureteral lax and lumen extent to select which size of UAS is better for patients. 4 Leave the GW in the upper urinary tract after confirming the ureter, and insert the UAS squarely under fluoroscopic guidance without twisting and tight force to obtain tactile resistance in two points, such as the ureteral orifice and common iliac artery. At this point, to avoid ureteral injury, do not advance the UAS if there is resistance to UAS insertion.
5 Mostly, the UAS position for the management of renal stones is below the UPJ, the height of the lower pole. However, the ideal UAS position is selected according to stone location. In the case of middle or upper pole stones, the UAS position is below the UPJ. For lower pole stones, the UAS position at the height of the lower pole is better, because the tip of UAS hinders the deflection range of f-URS, consequently damaging the f-URS. An additional important point is that the ideal UAS position straightens the ureter between the UAS tip and UPJ to acquire good access to target stones. Finally, the UAS position is confirmed by contrast injection under fluoroscopy and fixed. Subsequently, the f-URS is inserted through the UAS. 6 In the collecting system, make sure the whole orientation can be clearly viewed in the surgical field, and locate the target stones. If the target stone is in the lower pole, judge whether it can be displaced or not. If displacement of stones in the lower pole is possible, first the stones should be moved to the middle or upper pole using baskets to enable facilitation of access to stones and avoidance of injury by f-URS.
7 Subsequently, disintegrate the stones using the holmium laser. Basically, the tip of the laser fiber is set in the UAS through the working channel of the f-URS, keeping it straight. Next, access the target stones. It is advisable to keep the laser fiber tip out of the scope as far as onequarter of the screen diameter, called "safety distance," to avoid f-URS damage due to laser bubble rebound and stone rebound. 36 The surgical technique is crucial for procedure speed. The laser setting to serve the operator's aim in various situations during surgery is selected as described previously. Not only the dusting, fragmenting and long-pulse fragmenting mode in the laser setting, but also painting lithotripsy, drilling lithotripsy and popcorning lithotripsy to shrink the multiple fragments in the manipulation of f-URS can be exploited in various situations. 37 8 Finally, extract the fragments using baskets. The number of retrievals for residual stones might be fewer when using stone dusting. However, to increase the SFR and decrease the procedure time, retrieval of as many residual stones as possible is important. Current tipless nitinol baskets are very useful after laser lithotripsy. Usually, the retrieval is carried out by two persons associated with the assistant or scrub nurse who uses the baskets. Therefore, the surgeon needs to cooperate with these persons to carry out the retrieval smoothly. Although it is also possible for only one surgeon to retrieve the residual stones, training to learn the technique is required. In our institution, the stone fragments are retrieved by a single surgeon (Fig. 2) .
Postoperative stenting
A ureteral DJ stent is usually inserted after ureteroscopic treatment of upper urinary tract stones, not only in cases of ureteral trauma, residual fragments, bleeding, perforation or UTI, but also to prevent ureteral obstruction as a result of ureteral edema. 38 However, current randomized prospective trials have found that routine stenting after uncomplicated URS; that is, completely stone free and without ureteral injury during the procedure, is not necessary. 39 The ideal duration of postoperative stenting is not known. Most urologists prefer 1-2 weeks after URS. In contrast, patients with postoperative stenting also might suffer from stent-related complications: ureteral stenting can be associated with higher postoperative morbidity. A recent systematic review showed that the incidence of lower urinary tract symptoms and pain was significantly higher in the stented group than in the nonstented group, and significant differences between the groups were not found with regard to complications, such as fever, UTI, need for analgesia, unplanned readmission and late postoperative complications. 40 Furthermore, Cevik et al. reported that routine postoperative stenting is not mandatory, even in patients with uncomplicated ureteroscopy for impacted ureteral stones. 41 In contrast, in the CROES large retrospective study, postoperative DJ stent placement in URS treatment was associated with improvement of some clinical outcomes, such as fewer postoperative complications, compared with not stenting postoperatively. 42 Recently, the necessity of postoperative stenting has not been categorical, rather being decided by surgeon's preference. Thanks to the development of smaller instruments for ureteroscopic treatment, it has become apparent that the number of patients who do not need postoperative stenting has increased. An individualized postoperative stenting strategy will thus be required in future.
Complications and preventive measures for retrograde intrarenal surgery
Although the use of RIRS to remove ureteral and kidney stones has increased, various complications are of great concern. According to the CROES in the Ureteroscopy Global Study, the total intraoperative complications rate was 6.3%, including ureteral perforation (1.0%), ureteral avulsion (0.1%) and failure to complete the operation (1.6%). The total postoperative complications rate was 3.5%, including fever (1.8%), urinary tract infection (1.0%), sepsis (0.3%) and the need for blood transfusion (0.2%). Most of the complications were Clavien grade 1 or 2 (2.8%), although five patients (0.02%) had Clavien grade 5 complications (the causes of death were sepsis, lung embolism, cardiac death, multi-organ dysfunction and arrhythmia). 43 Currently, a postoperative subcapsular hematoma (0.36%) has been reported as a specific complication of RIRS. 44, 45 Although the causes of those cases are unclear, thin renal cortices as a result of severe hydronephrosis, prolonged operation times and higher perfusion pressures might have been among the risk factors. 46 Most complications during RIRS could be avoided. For example, if the patient has an infection with a positive urine culture preoperatively, the operators must control the 47 In contrast, when the UAS was used, the IPP decreased 57-75% compared with the IPP without a UAS. 48 If operators hope to decrease the risk of sepsis intraoperatively and postoperatively, the best practices technique includes a negative urine culture, administration of antibiotics for 2 days before the procedure if there is a positive urine culture, inserting a UAS if possible, recognizing saline outflow from the UAS during procedures, limiting the operating time to within 2 h if possible and monitoring the patient for 6-12 h postoperatively. 49 Ureteral injury as a result of UAS insertion, including perforation and stricture, has been increasing. Therefore, operators must always pay strict attention when inserting the UAS. In our institution, we first confirm the presence of ureteral stones, ureteral laxity and lumen extent to select the sized UAS that is best for the patient under direct vision of a semirigid ureteroscope. We then insert the UAS slowly, linearly and gently, without twisting.
Surgeon's ergonomics and radiation exposure
Most endourologists working with URS treatment of upper urinary tract stones carry out the procedures in the standing position. Furthermore, almost all operators wear a lead apron, thyroid shield and eyeglasses with lead lining to protect themselves from radiation exposure. The operators wearing these protectors in the standing position often develop orthopedic problems. Healy et al. reported that one-third of endourologists felt a sense of incongruity in the hands/wrists and suffered other ergonomic problems. 50 Saglam et al. found that the ergonomics of endourology deteriorated, especially with regard to shoulder stiffness, arm pain, hand pain and wrist stiffness, in seven experts with digital or fiberoptic f-URS evaluated using a validated questionnaire. 51 Improvement of surgeon ergonomics is an important concern in achieving successful performance of RIRS and the ability to continue carrying out procedures over the long term. A further drawback affecting surgeons during endourological procedures is their increased chance of radiation exposure, which is linked to loss of hair, erythema, cataracts and malignancy, including thyroid cancer and leukemia. 52 Even if the risk of harmful effects of occupational radiation exposure is relatively small, doses exceeding the standard limits likely carry a small short-term health risk. The International Commission on Radiological Protection has advocated that all physicians must always adopt the principle of limiting radiation exposure to "as low as reasonably achievable." 53 Kusuba et al. observed chromosomal aberrations in peripheral blood lymphocytes of Croatian hospital staff who were occupationally exposed to low levels of ionizing radiation in 2008. 54 Another study in 2010 showed that low levels of chronic occupational exposure to ionizing radiation causes an increase in micronuclei frequency in chromosomes, which is a biomarker of chromosomal damage, genome instability and cancer risk. 55 However, there have been only a few reports on radiation exposure during URS. Therefore, we carried out research on the protection shield with the aim of decreasing the occupational radiation exposure during RIRS for operators and surgical assistants. Protective lead curtains, manufactured in-house with 0.35-mm lead aprons of L-size weighing 3.1 kg, were positioned at the end of the operating table, at both sides of the table and at the image intensifier. Protective lead curtains decrease the dose of spatially scattered radiation in the operator area and total radiation exposure of the operator. 56 Currently, a new invention for robotic retrograde intrarenal surgery, called the Avicenna Roboflex (Elmed, Ankara, Turkey), was introduced. It is not yet clear whether this system improves surgical outcomes. However, a robotic RIRS system offers the advantage of improved surgeon ergonomics and decreased radiation exposure. The surgeon sits at a console manipulating a flexible ureteroscope. The hand-piece of the scope is attached to a robotic manipulator enabling rotation, insertion and deflection of the endoscope. 57 Early clinical experience of robotic RIRS in patients with renal stones of mean volume 1296 mm 3 (n = 81) has been reported. The SFR and complication rate at 3 months were 80% and 1.2%, respectively. These outcomes were comparable with those of classic f-URS. Furthermore, the surgeon's ergonomics were dramatically improved. The robotic RIRS system is expected to be improved further in the future.
Percutaneous nephrolithotomy: PCNL and ECIRS
History and current advancement of PCNL PCNL has been the gold standard treatment for larger kidney stones (>2 cm) and staghorn calculi since Fernstrom et al. first reported the introduction of PCNL in 1976. 58 However, complications including bleeding and sepsis are critical, at a rate of 20.5-83%, regardless of high SFR. 59 Therefore, PCNL is still a challenging surgical technique. Although standard PCNL is carried out through a 24-30-Fr tract sheath, the tract size is associated with the bleeding risk. The CROES showed transfusion rates of 1.1%, 4.8% and 5.9% in tract sizes of <18-Fr, 24-26-Fr and 27-30-Fr, respectively. 60 To reduce the bleeding risk, postoperative pain and potential renal parenchyma injury, minimally invasive percutaneous nephrolithotomy including mini-Perc, ultra-mini PCNL and micro PCNL with new, less invasive instruments have been developed and are now widely used. 61 Furthermore, RIRS combined with mini-ECIRS has recently been reported and is expected to be prevalent in the future.
Mini-Perc
In 1997, Helal et al. reported an initial PCNL using a 15-Fr peel-away sheath and 10-Fr pediatric cystoscope for a 2-yearold girl. 62 The mini-Perc is usually carried out using a metallic sheath range from 15-to 20-Fr and a 12-Fr miniature nephroscope with 6.7-Fr working channel. The lithotriptic instruments allowed through the working channel are laser, lithoclast and ultrasonic lithotripter.
Ultra-mini PCNL
In 2013, Desai et al. initially reported a case series using ultra-mini PCNL with a 13-Fr tract sheath and 3.5-Fr telescope. 63 Ultra-mini PCNL is achieved using a metallic sheath of 11-14-Fr. Recently, ultra-mini PCNL with a 9.5-to 12-Fr metallic sheath and 7.5-Fr miniature nephroscope was introduced. Only a laser fiber is allowed through the working channel.
Micro PCNL
In 2011, Desai et al. published an initial clinical report using micro PCNL, 64 which is achieved using a metallic sheath of 4.8-4.85-Fr and a micro-optical system. Interestingly, this system does not require dilation of the tract and can carry out a direct puncture into the target calix by itself. Only a laser fiber is allowed through the working channel. However, it is impossible to retrieve any stone fragments.
Mini-ECIRS
In 1995, Grasso et al. initially reported percutaneous renal puncture-assisted retrograde f-URS to achieve safe and assured renal access. 65 Later, Landman et al. reported the first ECIRS case series with the standard tract size under the prone split-leg position in 2003. 66 Subsequently, Hamamoto et al. reported the first mini-ECIRS case series of RIRS combined with miniaturized PCNL in 2014 (Fig. 3) . 67 
Current indications for minimally invasive PCNL and mini-ECIRS
Historically, standard PCNL is recommended for the management of larger kidney stones >2 cm. However, minimally invasive surgery using small instruments has become more frequent in parallel with current technological advancement. Therefore, the selection of tract size due to risk factors, such as stone size, computed tomography value and pyelocaliceal anatomy, might be required to avoid unnecessary bleeding. Knoll et al. reported similar SFRs of 96% and 92% between mini-Perc and standard PCNL, respectively, for the management of 20-mm renal stones. 68 Pan et al., who carried out mini-Perc for the management of 20-to 30-mm renal stones, reported a high SFR of 96.6%. 69 Recently, Shah et al. reported an SFR of 81.8% using ultra-mini PCNL for patients with 20-to 30-mm renal stones. 61 Even if PCNL is carried out using a small-tract sheath for large renal stones (20-30 mm), the SFR is higher. However, mini-Perc alone for the management of large renal stones (>30 mm) has a poor SFR of 38.9%. Therefore, although the general indications for minimally invasive PCNL in adults might include renal stones of <20 or 30 mm in size, the definite indications for minimally invasive PCNL have not been clearly defined. However, Hamamoto et al. found that when mini-ECIRS was combined with RIRS and mini-Perc for 30-to 40-mm and >40-mm renal stones, including staghorn stones, better outcomes were obtained, with a high SFR of 71.4%. 70 Furthermore, we also reported that when mini-ECIRS was carried out for management of large renal stones of 45.5 mm, a high SFR of 73.2% was achieved. 71 Although the mini-ECIRS might allow an indication for larger stones (30-40 mm) compared with minimally invasive PCNL monotherapy, the outcomes of further research are awaited.
Patient's position
PCNL has been usually carried out with the patient in the prone position, which is user friendly for the urologist, since the first report of percutaneous nephrostomy in 1955. 72 However, this position has disadvantages for some patients, with potential complications including circulatory and respiratory difficulties, as well as possible intraoperative repositioning of anesthetized patients from supine to prone. These conditions are not comfortable for anesthesiologists. Various modified patient positions have been suggested to overcome these limitations. In 1987, Valdivia et al. reported the first percutaneous approach in the kidney for a supine patient. 73 Falahatkar et al. reported that supine PCNL has similar SFR, operation time and hospital stay compared with prone PCNL, whereas the supine position has the advantage of less fever and blood transfusion. 74 However, two recent meta-analyses found that supine PCNL has a slightly lower stone clearance than prone PCNL. 75, 76 The position in which ECIRS is carried out is the prone split-leg position or modified supine Valdivia position including Galdakao modified Valdivia, Barts modified Valdivia and Barts flank-free modified supine, for the simultaneous retrograde combined with anterograde approach (Fig. 4) . 77 In general, the modified supine Valdivia position is more comfortable for the surgeon than the prone split-leg position in achieving a retrograde approach. Furthermore, the advantages of modified supine Valdivia position are: optimal cardiovascular and respiratory control for patients and anesthesiologists, especially in obese patients; better stone fragment washout and low intrapelvic pressure due to horizontal dorsal tract sheath angle, which consequently can decrease postoperative UTI; fewer colon injuries due to percutaneous puncture; and less radiation exposure to the surgeon's hands. In contrast, this position also has several disadvantages: limited space for renal puncture and Safety GW Fig. 3 Endoscopic combined intrarenal surgery. Simultaneous RIRS combined with PCNL for large kidney stones.
nephroscope mobility; more difficult tract dilation and lower pole puncture due to high renal mobility; and decreased filling of the collecting system, which is constantly collapsed, consequently causing disorientation. 78 The optimal position for patients with large kidney stones has been controversial. Each patient positioning has some advantages and disadvantages for patients and procedures. Although the surgeon still remains the final arbiter of the favored position, patient positioning should be selected while considering the patient's condition, stone location, stone size and surgeon's experience. Therefore, a prospective randomized controlled trial is required to verify the feasibility, facility and safety of PCNL with regard to patient positioning. Furthermore, renewed positioning injuries, such as cervical injury, peripheral orthopedic complications and sympathetic ocular effects, might change and increase as various positions are used. Therefore, surgeons need to learn the correct positioning methods suitable for each position.
Surgical technique of mini-ECIRS: How to do it
Recently, RIRS combined with miniaturized PCNL procedures, such as mini-ECIRS, have been increasing. 79 Although standard PCNL is usually carried out in the prone position, mini-ECIRS is achieved in the prone split-leg position or modified supine Valdivia position. Therefore, there are some differences in the staging of procedures between mini-ECIRS and miniaturized PCNL. Each step of these procedures is crucial for success and safety. The basic surgical routine followed in our institution for mini-ECIRS for large kidney stones is as follows.
1 First, locate two operators and various apparatus, including two image monitors, c-arm and laser system in the operation room (Fig. 5) . Change the patient's position from supine to modified supine Valdivia position under general anesthesia. Insert the cystoscope or semirigid ureteroscope through the urethra and observe the bladder.
2 Insert a straight GW in the ureteral orifice of the diseased side and pass the ureteral orifice with the semirigid ureteroscope over the GW; confirm the ureteral lax and lumen extent to select which size of UAS is better for the patient's situation, and whether ureteral stones exist in the distal or middle ureter or not. If ureteral stones are present in the distal or middle ureter, disintegrate the stones and retrieve the fragments using the semirigid ureteroscope. If ureteral stones are present in the proximal ureter, insert the UAS to below the stones and disintegrate the stones using f-URS, and push back the fragments to the renal pelvis.
3 If ureteral stones are not present in the ureter, insert the UAS over the GW to below the UPJ and fix. Subsequently insert the f-URS through the UAS and then, if possible, observe the stone and target calix to practice percutaneous puncture. If it is impossible to recognize these, create hydronephrosis using the UAS inserted inner sheath or occlusion balloon. Carry out a percutaneous puncture toward the target calix using an 18-or 21-G needle under ultrasound. Confirm the blood vessel paths within the renal parenchyma using a wide-band Doppler ultrasound system that suppresses the blooming appearance and displays a clearer picture of how the blood vessels run throughout the tissue in real time (as opposed to color Doppler and power Doppler) before puncture of the needle to decrease the risk of intraoperative and postoperative renal hemorrhage (Fig. 6) . 71 After confirmation of the backward flow of urine from the puncture needle, insert the 0.035-inch GW through the 18-G needle lumen. Observe these steps under direct vision of f-URS as far as possible. 4 Dilate the tract to 10-Fr size using a fascia dilator. Place the safety GW and working GW. If possible, each GW should maintain the "through-and-through" technique, which means the safety GW passes straight from the percutaneous access point to an entrance of UAS to inhibit kidney motility (Fig. 7) .
5 Practice the dilation range from 12-to 19.5-Fr with a metallic inner dilator (one-step dilator) over the working GW under fluoroscopy. Tract size is determined by stone size, calix size and bleeding. Subsequently, insert the outer metallic sheath over the inner dilator while twisting it. The key point for safety and success of the procedure is the recognition of each step, such as selection of location to be punctured, awareness of surrounding organs, simulation of puncture under ultrasound, awareness of needle tip under ultrasound, and degree of bleeding after needle puncture and during dilation.
6 Check the renal pelvis and stones using a miniaturized nephroscope through the tract. Disintegrate the stones with a holmium laser, lithoclast or ultrasound lithotripter. Simultaneously, using RIRS disintegrate the stones and displace the stone fragments that cannot be reached by the miniaturized nephroscope ("Pass the ball"; Fig. 8 ). 80 Retrieve the stone fragments using a nitinol basket or flush out with irrigation pressure.
7 Ultimately, place a DJ ureteral stent in all cases, and a 10-to 14-Fr nephrostomy tube in the case where residual fragments remain or profuse bleeding is confirmed. If there are no residual fragments and heavy bleeding is not confirmed, use a tubeless approach.
Complications and preventive measures for PCNL
Although current technology for PCNL has facilitated less invasiveness by maintaining a high SFR, PCNL still has a high complication rate (e.g. postoperative fever 20.7%, bleeding 16.1%, blood transfusion 11.9%, renal pelvis perforation 6.7%, failed procedures 3.5%), according to the CROES in the PCNL Global Study. 81 Seitz et al. reported that a normal postoperative course (Clavien 0) was observed for 76.7% of PCNLs. Nevertheless, 4.1% of Clavien 3 complications require intervention, 0.6% of Clavien 4 complications are life threatening and 0.04% of Clavien 5 complications end in death. 82 The most frequent and life-threatening complications are intraoperative and postoperative bleeding and sepsis.
Minimally invasive PCNL, which requires dilation to within 20-Fr, provides greater safety because of the lower incidence of bleeding that necessitates blood transfusion than standard PCNL. It also has an operative time and SFR that are comparable with those for standard PCNL. 83 Yamaguchi et al. reported that the incidences of blood transfusion associated with the use of <18, 24-26, 27-30 and 32-34-Fr tract sheaths were 1.1%, 4.8%, 5.9% and 12.1%, respectively (P < 0.0001). Therefore, the mini-PCNL, which uses a smaller tract sheath, was introduced to decrease the bleeding risk. 84 Liu et al. found that needle puncture into the collecting system under US guidance allowed less blood loss and less transfusion requirement than under fluoroscopic guidance. 85 Lu et al. also reported that the use of color Doppler US guidance for puncturing the target calyx allowed real-time detection, avoided renal blood vessels and decreased the incidence of hemorrhagic complications. 86 We use wideband Doppler US guidance, which allows clearer vision of the vessel in real-time than color Doppler or power Doppler, as it causes the blood vessels to appear thicker and more protrusive (blooming appearance). The twin-view image -showing wideband Doppler US on one screen and B-mode views on the other -avoids halation of the tip of the puncture needle. Hence, this method might be an option that allows safe puncture of the targeted calyx because of its ability to capture an accurate, objective view of the blood vessel's path. 71 Endoscopic, combined, intrarenal surgery with simultaneous retrograde and antegrade access for management of large kidney stones has been increasing in the supine or split-leg position. The advantages of this technique are not only improved SFRs and reduced radiation exposure, it causes less bleeding because the needle puncture to correct calyces can be confirmed under direct vision using f-URS. 87 If severe bleeding occurs after PCNL, it can be treated by briefly clamping the nephrostomy tube. If this method is impractical, superselective embolic occlusion of the arterial branch might be necessary.
An important strategy for avoiding a febrile urinary tract infection and sepsis is to wait until the preoperative urinary culture is sterile. Alternatively, administer perioperative antibiotic prophylaxis, because the renal stones might be the source of the infection. Hence, intraoperative renal stone culture could help in the selection of postoperative antibiotics. 88, 89 Measuring the IPP, addressing any bleeding during the procedure and keeping track of the operative time (>2 h might indicate the presence of sepsis) could be important factors in recognizing and preventing intraoperative and postoperative sepsis. The IPP is higher in the prone position than in the supine position. Therefore, the development of sepsis might be related to the patient's position.
Conclusion
F-URS has a steep learning curve for proficiency. The key to improve one's f-URS technique quickly is to share the knowledge of tips and tricks, points of the surgical technique to note from endourological experts, and to keep in touch with technological advancement. Current advancements that make PCNL a less invasive technique lead to fewer perioperative complications and higher SFR. However, every indication for minimally invasive PCNL and mini-ECIRS has not yet been defined. Many retrospective data and prospective studies will continue to aid the promising development of endoscopic treatment of urolithiasis. 
